Summary. Pig embryos were collected, 2\p=n-\7days after oestrus, in modified BMOC-2 containing glucose as the only energy source. Embryos were incubated individually in medium containing [5-3H] 
Introduction
The insertion of new nuclear material into mammalian embryos has become common (Palmiter et al., 1983; Willadsen, 1986) . With the advent of these genetic engineering studies there is an increasing need for the culture of preimplantation embryos, and so the metabolic functions of mammalian embryos need to be assessed.
Most mammalian embryonic metabolism studies have been conducted using mouse embryos. The main reasons for this are that the first culture medium was developed for mouse embryos (Brinster, 1963) and a large number of embryos can be obtained at a relatively small cost per embryo. Early research in mouse embryo energy metabolism (see Brinster, 1973 , for review) indicated that glucose metabolism was low until it increased markedly between the 8-cell and morula stages.
Extrapolation from mouse embryo metabolism to embryos from other species is possible because there are general developmental similarities in embryos of eutherian mammals. Brinster (1973) states that extrapolation of nutrient requirements and metabolism of mouse embryos to the embryos of large, economically important domestic species is valid. However, studies conducted with rabbit embryos indicate that glucose metabolism in this species does not increase dramatically until the blastocyst stage (Fridhandler, 1961) , later than in mouse embryos. Therefore The objectives of the present study were to measure total glucose metabolism and to determine pentose phosphate pathway activity of pig embryos at different preimplantation stages.
Materials and Methods
Embryo collection. Cross-bred pubertal gilts were used to obtain embryos for this study. The 50 animals were killed 2-7 days after the first detected oestrus and mating. Some animals were not mated so that unfertilized ova could be collected. Reproductive tracts were recovered and embryos were collected via an oviducal (2-3 days after oestrus) or uterine (3-7 days after oestrus) flush. The amount of time from removal of the reproductive tract to flushing for embryos was less than 15min. Modified BMOC-2 (1-7 mM-CaCl2, 4-8mM-KCl, 11 mM-KH2P04, 1^m M-MgSO^, 1300 mM-NaCl, 0-25% BSA; Brinster, 1963) Embryo incubation. Embryos were placed into incubation chambers as described by O'Fallon & Wright (1986) , with slight modification. A single embryo was drawn into a micropipette with 1 µ flushing medium and placed on the lid of the incubation chamber with another 2 µ flushing medium containing 006 pCi of radioactively labelled glucose.
The incubation chambers were kept at 37°C in 5% C02 in air. The metabolism of [5-3H] glucose, [l-14C]glucose and [6-14C]glucose was linear from 1 to 6 h in blastocysts (data not shown). A 4-h incubation period was chosen for these experiments. Embryos were recovered from the lid of each incubation chamber after the 4-h incubation period and placed separately into 70 µ drops of Whitten's medium (Whitten & Biggers, 1968) under paraffin oil in sterile Petri dishes. Each embryo was examined immediately after the 4-h incubation period and once daily for 7 days. Only embryos which developed one stage further than when placed in the incubation chamber were included in the results.
The bottom portion of the incubation chamber, which contained 01 N-NaOH as a trap for 3H20 or 14C02, was mixed with 10 ml Aqueous Counting Solution (Amersham Corporation, Arlington Heights, IL) following the 4-h incubation period and counted for 5 min in a liquid scintillation spectrophotometer to determine metabolism of the radioactive glucose.
Materials. Bovine serum albumin (crystalline) and Hepes («-2-hydroxy-ethyl-piperazine-iV-ethanesulphonic acid) (Davis & Day, 1978; Niemann et al., 1982 Means with different letters are significantly different (P < 005).
Metabolism of [l-14C] (Biggers et al., 1967; Brinster, 1967 (1986) and this may be the reason for the lower values in pig embryos. The flushing solution contained µ unlabelled glucose in this experiment, while it was not mentioned whether any unlabelled glucose was added in the mouse experiment. The addition of unlabelled glucose lowered the specific activity of the radiolabelled isotopes to ensure that the embryo would not be affected by the 4-h incubation period. In addition, the BSA used in this experiment was crystallized and lyophilized while the BSA used by O'Fallon & Wright (1986) was not. The BSA (or a contaminant bound to it) used in the mouse experiment might have activated embryos to metabolize more glucose than did the BSA used in this pig study. Kane (1983) has shown that there are considerable differences between lots of BSA in their ability to affect embryonic cell divisions.
Tight junctions are formed between the outermost cells of the 8-cell embryo during compaction (Davenport, 1979) . This starts the determination process of the inner cell mass and trophoblastic cells (Johnson et ai, 1977) . The formation of these junctions may require more energy, or other substances produced from glucose, and so an increase in glucose metabolism at this stage would be necessary. This may help to explain the fact that the compacted morula has a higher total glucose metabolism than all other stages, on a per cell basis.
The early blastocyst and blastocyst metabolize, on a per cell basis, lower total glucose levels than does the compacted morula, but the metabolism is higher than for pig embryos before the 8-cell stage. The formation and expansion of the blastocoele may require high amounts of energy, and this energy increase may be produced in part by metabolism of high amounts of glucose.
The gilt effect, which was seen to some extent with all three labelled compounds, could be due to differences in times after ovulation when gilts were killed. Ovulation time could not be accurately determined in this experiment. (Barbehenn et ai, 1974) . The amount of glucose 6-phosphate could be low in the embryo because of low hexokinase activity and, when glucose 6-phosphate levels increase, then the activity of other enzymes in the glycolytic pathway could be increased (Barbehenn et al., 1974) . Also, hexokinase could be active but there may not be high enough glucose levels in the embryo to allow adequate phosphorylation to glucose 6-phosphate. However, the uptake of glucose into various stages of pig embryos has not been reported. Another possible cause of the sudden increase in glycolytic activity may be an increase in phosphofructokinase activity which is inhibited by high ATP concentrations; ATP levels fall by 35-60% between the 2-cell and early blastocyst stage in mouse embryos (Quinn & Wales, 1971 Early embryonic death is a major cause of reduced litter size in the pig industry and Bazer et al. (1982) and Bazer & Roberts (1983) have suggested that there is an essential factor which is lacking or limiting in the uterus which leads to early embryonic death. The present results suggest that glucose is important as an energy source for later stage preimplantation pig embryos.
